This study seeks to address the interaction between TNFα and BMP signalling in the pulmonary vasculature. Using a combination of cell and animal models, the authors report that TNFa promotes ADAM10/17 dependent cleavage of the BMP receptor, BMPR2 (the most commonly mutated in human pulmonary arterial hypertension), in pulmonary vascular smooth muscle cells, leaving the ectodomain to act as a ligand trap. The loss of BMPR2 reduces BMP4 signalling but promotes BMP6 signalling via alternative receptor-mediated pathways, and is associated with alterations in NOTCH signalling and c-SRC. Treatment of a rodent model with an anti-TNFα antibody restored NOTCH signalling and reversed the pulmonary hypertension phenotype. The studies are well described and the data look internally consistent.
Where they depart from the published literature is their observations on notch signalling. They observe that TNFα increases NOTCH1 and NOTCH2 but reduces NOTCH3 levels, effects enhanced by BMP6. They argue that NOTCH 1 and 2 are proproliferative and NOTCH3 is antiproliferative. This is at odds with the published literature (see reference list below) where levels of NOTCH3 protein are regarded as a sensitive molecular marker of severity of PAH in humans and pulmonary hypertension in rodents. Notch signaling is involved in vascular development and lung tissue from patients with pulmonary hypertension has been reported to show increased NOTCH3 and NOTCH3 intracellular domain expression when compared with normotensive patients. Additionally, NOTCH3 and NOTCH3 intracellular domain expression has been shown to be increased in two animal models of pulmonary hypertension-hypoxia-induced pulmonary hypertension in mice and monocrotoline-induced pulmonary hypertension in rats. The authors reference the difference and suggest that their γ-secretase inhibitor used to inhibit NOTCH cleavage is more selective than the DAPT agent used in published reports but they do not address the fact that NOTCH3 knockout mice are resistant to pulmonary hypertension.
A number of cell lines are used in the study. The eventual focus is on distal pulmonary vascular sooth muscle cells. It is understandable that the investigators focus on one cell type/model, but it does make extrapolation to the whole animal problematic. They have attempted this with mouse models but these do not reflect the human condition. The challenge in extrapolating to humans is evident in the emerging literature where antibodies to DLL4, a NOTCH ligand, in development for the treatment of a range of tumours have been reported to cause pulmonary hypertension in patients.
Overall, the data are of high quality, yet there are some concerns regarding the interpretation of the results related to Notch signaling and some additional experimental questions regarding the shedding of the BMPR2 that remain to be addressed.
As to specifics: 1) In the Western blots for ADAM10 and ADAM17 in supplementary figure 5c, it is not clear whether the pro-or mature form of ADAM10 and ADAM17 are shown (please also include molecular weight markers). Cell lysates for Western blots of ADAM17 should be prepared in the presence of a metalloprotease inhibitor such as TAPI-1 and 10 mM 1,10 phenanthroline to block the autodegradation of the mature form, which occurs rapidly following cell lysis in the absence of these inhibitors, and can thus affect the interpretation of the levels of mature ADAM17. It is also important to point out that increased expression of ADAM17 does not necessarily result in increased activity, since this is a posttranslationally regulated metalloproteinase (see, for example, PMID:23342154). Nevertheless, the overall interpretation that both ADAMs contribute to shedding of the BMPR2 under the conditions used in this study is well supported by the results. Figure 5D presumably needs to be revised so that siADAM17 and D1(A12) are shown next to ADAM17.
2) Supplementary
3) Regarding the interpretation of data related to Notch signaling, it is important to point out that increased Notch expression does not necessarily lead to increased Notch signaling. Notch signaling is regulated through binding of a membrane-anchored ligand such as Jagged1 or 2, or Dll1, 3 or 4, on a signal-sending cell to a Notch receptor on a signal-receiving cell. The resulting endocytosis of Notch and its ligand is thought to pull open the membrane-proximal negative regulatory domain, allowing access of ADAM10 to the Notch cleavage site. So increased expression of Notch or of ADAM10 will not lead to increased signaling in the absence of this ligand-induced activation of Notch. The two references implicating ADAM17 in Notch signaling are not representative of the majority of papers in this field, in which targeted deletion of ADAM10 in mice typically results in Notch-dependent defects, whereas targeted deletion of ADAM17 does not. Moreover, the Western blots of Notch2 and Notch3 do not show the Notch intracellular domain, but instead show the typical S1-cleaved Notch fragments of around 100 -120 kD (please include molecular weight markers on all gels). This fragment is constitutively generated by cleavage through furin (or related pro-protein convertases), and is not indicative of signaling (PMID:19379690 provides one of several excellent reviews on this topic). The S2 fragment, generated by ADAM10 under physiological conditions, and the S3 fragment, generated by gamma-secretase, are indicative of ligand-induced Notch processing and signaling, but these are most likely not shown on the various Notch blots presented here. So the authors must make it very clear that these blots only allow conclusions to be drawn about Notch expression levels, not about Notch signaling (the same is true for histochemical data).
Results obtained with DAPT, on the other hand, are indicative of a block of Notch signaling, and can be interpreted in this manner. However, the authors should also discuss that Notch2 and Notch3 might not be active in the same cell types, and in general, offer a more careful interpretation of their data related to Notch expression levels. It is very important to distinguish between differences in Notch expression and Notch signaling, which do not have to be directly related, and to consider different effects of Notch signaling depending on the cell types where it occurs.
Reviewer #3 (expert in PAH and BMP receptors) Remarks to the Author:
General Comments: The authors have extensively studied the interaction between BMP and Notch signaling that is dysregulated in response to a specific inflammatory stimulus, TNF-alpha. The cell biology studies have been carefully carried out and the main conclusions indicated in the summary are certainly substantiated and are novel. There are however, other studies in the literature that clearly indicate important points of interaction between the BMPR2 pathway and inflammation not cited, including TNF alpha beginning with Song et al (Circulation, 2005:112; 552-62) (Cell Metab 2015: 21; 598-608) and many others. Also there are papers on Notch and BMP crosstalk in blood vessels (Rostama et al, ATVB 2015: 35; 2626-37) . The authors also do not reconcile their results with their recent studies related to rescue of PAH by the ligand BMP9, in fact surprisingly, work with BMP9 as a ligand seems to be completely excluded. The SUGEN/hypoxia model treated with the TNF soluble receptor reverses or retards progression of the pressure and right ventricular hypertrophy in concert with elevating Notch signaling but the impact on remodeling is less severe and the role of TNF alpha (despite its elevation) vis a vis other cytokines is not clear.
Specific Comments: Introduction: Page 3 last paragraph, see above comments. The impact of TNFalpha and loss of BMPR2 was studied in Sawada et al cited above, although the paper did not show that TNF specifically reduces BMPR2 levels in endothelial cells. Page 5 first paragraph: The mechanism by which TNF reduces BMPR2 in endothelial cells is never addressed. Page 6, second paragraph. It is hard to visualize why two disintegrins are necessary to cleave the same site. This needs further explanation. Page 6, third paragraph. In view of the authors' recent work showing a protective effect of BMP9, it would be interesting to determine whether BMP9 signaling is compromised by TNF alpha. (Also true for data presented on Page 7). Page 10: The controversy with the Li et al paper cited is still problematic. Notch3 and Notch3 ICD are elevated in PAH PA SMC and in human PAs in tissue sections. The blots in Figure 4 should definitely be quantified because it appears that Notch 3 mRNA is higher in the PAH vs. control PA SMC. It is hard to make much of differences in immunoblots and immunohistochemistry because they rely on the affinity of the relative antibodies. The authors should be sure that the siRNAs they use are specific, ie. Do Notch 3 and Notch 2 reduce with Notch 2 siRNA? Does Notch 3 but not Notch 2 decrease with siRNA for Notch 3. Those data should be included. Finally it does appear from the mRNA data in the supplement that the effect of Smad6 induced by TNFα is different, increasing Notch 2 and reducing Notch 3. Thus the TNF effect may be selective to Notch 3 particularly in the setting of loss of BMPR2. In the mice, knockout of Notch 3 is protective, so there is more to try to reconcile either in the text or in the discussion. It should also be noted that the PASMC come from familial PAH with a BMPR2 mutation so here again the populations are different.
Page 11: The selective effects of the FYN and YES siRNAs should be documented in view of the results.
Interestingly the TNF overexpression does not result in more severe RVSP or RVH when BMPR2 is heterozygous. On the other hand, in the SUGEN/Hypoxia model there is lcear suppression of RVSP and RVH by the TNF soluble receptor but less impact on the muscularization of vessels. The authors should discuss these differences.
Discussion
Page 13: The discussion with respect to Notch seems to short-change the previous observations, particularly related to the prevention of pulmonary hypertension in the Notch 3 knockout mice. There is no question, however, that the mechanistic studies in this paper are comprehensive and well thought through.
Reviewer #4 (expert in PAH and BMP receptors) Remarks to the Author: αThe manuscript describes an interesting and complex system involving a switch in TGFβ receptor super-family usage in PASMCs from an ALK3 / BMPR-II-driven system to an ACTR-IIA / ALK2 systemdriven primarily by TNFα degradation of BMPR-II and the induction in expression of various genes including BMP6 and ACTR-IIA. In the background of compromised BMPR-II expression / function as might be found in PASMCs from patients with heritable forms of Pulmonary Arterial Hypertension (PAH) and genetic mouse models of PAH, this alteration in receptor usage results in a switch from an anti-proliferative response of these cells to a pro-proliferative response following stimulation with BMP6. To add to the complexity, TNFα-mediated modulation in the expression of components of the NOTCH pathway with induction and repression of NOTCH2 and NOTCH3 respectively, directly contributes to the pro-proliferative effects of PASMCs in a Src-kinase family-dependent manner. Although the mechanism described in the manuscript is novel and provides several new therapeutic options for the treatment of heritable PAH, I do have some questions that need to be addressed and suggestions for improvement of the manuscript outlined below before it should be considered for publication. 1. The authors present data showing that TNF induces degradation of BMPR-II via an ADAM10/17-mediated mechanism that appears to be operative in PASMCs but not in PAECs. The expression of BMPR-II is clearly suppressed in PAECs in response to TNFαstimulation, however the authors do not provide any explanation as to the mechanism in this cell type. Do the authors have any mechanistic insights into how BMPR-II protein levels are regulated in PAECs via TNFαstimulation that could be included in the manuscript? 2. The authors have used the SP-C/TNF transgenic mouse model to demonstrate that BMPR-II expression in the whole lung of these animals also appears to be under the control of the TNFαpathway. The data presented by the authors seems to imply that the expression of BMPR-II in whole lung homogenates is almost completely suppressed in this model. This finding seems incongruent with the alveolar epithelial cell-restricted expression of TNFαpreviously described in this model (Miyazaki et al. 1995 J Clin Invest. 1995 96(1):250-9) . Immunohistological analysis of BMPR-II and TNFαexpression in the lungs of these animals would provide additional spatial information confirming that loss of BMPR-II expression is co-localised to areas of TNFαexpression. (7):790-5), which is in contrast to the data depicted in Figure 2D . Could the authors provide an explanation for the differences observed in this study compared to the previously published report? Figure 4a , TNFα does induce a reduction in NOTCH3 ICD levels; however, BMPR2 siRNA does not enhance the effect of TNFαon NOTCH3 ICD levels compared to the siCP or DH1 control. Similarly, in Supplementary Figure 14c , TNFαdoes reduce the transcription of NOTCH3 mRNA; however, this effect is not enhanced by BMPR2 siRNA compared to the siCP or DH1 controls. c) Also on page 9 of the manuscript the authors state in Figure 4b 'In BMPR2 heterozygous HPAH PASMCs treated with TNFα, siACVR2A reduced NOTCH2-ICD generation and abrogated NOTCH3-ICD'. On inspection of Figure 4b , treatment of HPAH PASMCs with siACVR2A seems to be without effect on TNFα-mediated NOTCH2-ICD generation. d) In Figure 4b , treatment of HPAH PASMCs stimulated with 0.1% serum with DH1 alone seems to have had a significant suppressive effect on NOTCH1 protein expression. This does not appear to be due to a loading issue as the authors state that the gels were re-probed for α-tubulin which appears to be uniformly expressed in all lanes on the gel. As this gel is representative of the other replicates, is the effect of DH1 on NOTCH1 expression also observed in the other replicates? 7. The authors have utilised the γ-secretase inhibitor, DAPT in experiments to support the notion that NOTCH ICD generation is involved in the TNFαand BMP6-induced proliferative responses of PASMCs. The concentration of DAPT used in this study was 5mM. Are the authors confident that other proteases important in their proposed mechanism are unaffected by this concentration of DAPT? How does 5mM DAPT affect TNFα-mediated generation of BMPR-II ICD? 8. In Figure 4e , the authors state that expression of NOTCH2 in the medial layer of the pulmonary arteriolar lesion depicted in the lung section taken from an HPAH patient is enhanced compared to control vessels. The intensity of the staining looks somewhat similar between the normal vessel and HPAH vessel in the sections depicted. 9. In Supplementary Figure 17b , Etanercept did not change the % wall thickness for all vessels yet in Figure 6c there appears to be a modest effect of Etanercept on the % of muscularized vessels with Etanercept causing a small increase in non-muscularized vessels compared to the S/H control. Are these endpoints essentially measuring the same thing i.e. pulmonary vascular wall remodelling and, if so, is the data inconsistent? 10. In the body of the text, the authors state repeatedly that the transient induction of Smad1/5 responses by BMP6 / ACTR-IIA / ALK2 signalling is unlikely to promote heightened PASMC proliferation. There are no data shown in the manuscript or supplementary materials that indicate whether the Smad1/5 responses mediated by BMP6 / ACTR-IIA / ALK2 are transient or otherwise. If the authors cannot qualify this statement with data or a citation, then the authors should desist from describing the responses as transient.
Thank you for the thorough and thoughtful reviews of our manuscript. The reviewers were consistent in their recognition of the high quality and internal consistency of our findings and the novelty in several areas that provide new insights into the pathobiology of PAH and offer tractable targets for therapeutic intervention, including repurposing of anti-TNFα approaches.
Our specific responses to the reviewers' comments are below:
Reviewer #1 (expert in PAH)
Remarks to the Author:
Comment 1: This study seeks to address the interaction between TNFα and BMP signalling in the pulmonary vasculature. Using a combination of cell and animal models, the authors report that TNFα promotes ADAM10/17 dependent cleavage of the BMP receptor, BMPR2 (the most commonly mutated in human pulmonary arterial hypertension), in pulmonary vascular smooth muscle cells, leaving the ectodomain to act as a ligand trap. The loss of BMPR2 reduces BMP4 signalling but promotes BMP6 signalling via alternative receptor-mediated pathways, and is associated with alterations in NOTCH signalling and c-SRC. Treatment of a rodent model with an anti-TNFα antibody restored NOTCH signalling and reversed the pulmonary hypertension phenotype. The studies are well described and the data look internally consistent. The authors thus identify 3 mechanisms -increased BMP6 signalling, ligand trapping and NOTCH signalling -to explain an interaction between TNFα and BMP.
Response 1: We thank the reviewer for recognising the high quality of these data and the new mechanisms revealed by our studies.
Comment 2: Increased BMP6 signalling in the presence of reduced BMPR2 expression has been reported before. That TNFα augments BMP6 expression is interesting but as the authors note, it is difficult to reconcile this finding (which would increase Smad signalling) with a proproliferative state. (Supplementary Fig. 7b, c) 
Response 2: The reviewer is correct that increased BMP6 expression, coupled with a reduction in smooth muscle cells BMPR-II, has been reported by our lab and others to lead to an increase in p-

but that this response is very limited in duration (<4 hours). We have added text referring to this observation on page 7.
In contrast to this transient response, the sustained signalling pathway identified by our studies as responsible for hyper-proliferation of PASMCs is robustly shown to be aberrant Notch signalling downstream of ALK2/ActRIIa. Comment 3. TNFα-induced cleavage of BMPR2, leading to release of the ectodomain for ligand trapping, is new. This shows cell specificity, in that it is only seen in vascular smooth muscle cells, not endothelial cells, and this is related to the cell specific expression of ADAM10/17. But it is seen in aortic as well as pulmonary vascular smooth muscle cells, raising the question of how this might explain why it contributes to pulmonary but not systemic vascular remodelling in vivo. Figure 1e , in the medial layer of the pulmonary artery. Since pulmonary hypertension is a disease state specific to the lung vasculature, there is no major impact on systemic vessels. Comment 4. Where they depart from the published literature is their observations on notch signalling. They observe that TNFα increases NOTCH1 and NOTCH2 but reduces NOTCH3 levels, effects enhanced by BMP6. They argue that NOTCH 1 and 2 are proproliferative and NOTCH3 is antiproliferative. This is at odds with the published literature (see reference list below) where levels of NOTCH3 protein are regarded as a sensitive molecular marker of severity of PAH in humans and pulmonary hypertension in rodents. Notch signaling is involved in vascular development and lung tissue from patients with pulmonary hypertension has been reported to show increased NOTCH3 and NOTCH3 intracellular domain expression when compared with normotensive patients. Additionally, NOTCH3 and NOTCH3 intracellular domain expression has been shown to be increased in two animal models of pulmonary hypertension-hypoxia-induced pulmonary hypertension in mice and monocrotoline-induced pulmonary hypertension in rats. The authors reference the difference and suggest that their γ-secretase inhibitor used to inhibit NOTCH cleavage is more selective than the DAPT agent used in published reports but they do not address the fact that NOTCH3 knockout mice are resistant to pulmonary hypertension. 
Response 3. As the reviewer points out, the smooth muscle cell specific cleavage of BMPR-II we report is novel. Indeed, both pulmonary artery smooth muscle cells and human aortic smooth muscle cells exhibit sBMPR-II shedding in response to TNFα. It is entirely reasonable for the reviewer to propose that TNFα-mediated suppression of BMPR-II in the systemic circulation might also drive vascular remodelling. We did not address this in systemic vascular injury models. However, the models employed in our manuscript are specific to pulmonary arterial hypertension, where there is local production of TNFα by inflammatory cells and, as shown in
References reporting increased notch3 in pulmonary hypertension
Li X, Zhang X, Leathers R, Makino A, Huang C, Parsa P, Macias J, Yuan JX, Jamieson SW, Thistlethwaite PA. Notch3 signaling promotes the development of pulmonary arterial hypertension. Nat Med 2009;15: 1289-1297. 
The analysis of NOTCH signalling in this manuscript was confined to NOTCH3 and did not assess contributions from other NOTCHs. The authors used an antibody from Santa Cruz for detection of the NOTCH3 ICD (catalog number: sc-7424). We tested this antibody in cell lysates
This Phase I study, and others, have reported a significant incidence of pulmonary hypertension in patients exposed to anti-DLL4 antibody treatments for cancer. The pulmonary hypertension is usually reversible. This side effect is thought to be due to inhibition of NOTCH signalling in endothelial cells, particularly in the tip cells of angiogenic sprouts, which enhances VEGF signalling, so most likely functions through a different mechanism to the smooth muscle responses we examine in this manuscript. The effect of anti-DLL4 also raises concerns regarding therapeutic approaches that broadly inhibit NOTCH signalling such as DAPT. More specific approaches targeting smooth muscle cell proliferation, such as anti-jagged1, may be less likely to adversely promote the development of PAH.
Comment 5. A number of cell lines are used in the study. The eventual focus is on distal pulmonary vascular smooth muscle cells. It is understandable that the investigators focus on one cell type/model, but it does make extrapolation to the whole animal problematic. They have attempted this with mouse models but these do not reflect the human condition. The challenge in extrapolating to humans is evident in the emerging literature where antibodies to DLL4, a NOTCH ligand, in development for the treatment of a range of tumours have been reported to cause pulmonary hypertension in patients.
Response 5. We have included data derived from human pulmonary artery smooth muscle cells and endothelial cells, in addition to cell lines. In addition, we have included relevant and informative animal models to show how this pathway is regulated in vivo. Taken together, the data are entirely internally consistent from human cells to animal models. The emerging literature on a causal role for DLL4 inhibition in PAH is not at odds with our findings since the likely pathway implicated in these anti-DLL4 studies is inhibition of NOTCH signalling in endothelial cells. As pointed out by the reviewer, the anti-TNFα approach, central to our study, leads to inhibition of dysregulated NOTCH signalling in pulmonary artery smooth muscle cells.
Minor comments Comment 1. The last sentence in discussion needs rethinking. It is not clear how anti-TNFα can be used "in the prevention of at-risk cohorts".
Response 1: This comment has been removed from the Discussion and we have clarified our patient target group on page 15.
Comment 2. References 35 and 36 are incomplete.
Response 2: Thank you for highlighting this omission, we have updated the references to include the PLOSOne e-page numbers.
Reviewer #2 (expert in ADAM proteins) Remarks to the Author:
This manuscript explores the contribution of a pathway involving TNFα-induced processing of the BMPR2 in the pathogenesis of pulmonary arterial hypertension (PAH). This very thorough study employs a combination of genetic and cell based approaches together with pharmacological inhibitors and siRNA-mediated knockdown of various signaling components to build a quite comprehensive picture of the pathway resulting in pulmonary arterial hypertension. In addition, it provides a compelling explanation for how mutations in the BMPR2 could contribute to the pathogenesis of PAH. Overall, the data are of high quality, yet there are some concerns regarding the interpretation of the results related to Notch signaling and some additional experimental questions regarding the shedding of the BMPR2 that remain to be addressed.
As to specifics:
Comment 1: In the Western blots for ADAM10 and ADAM17 in supplementary figure 5c, it is not clear whether the pro-or mature form of ADAM10 and ADAM17 are shown (please also include molecular weight markers). Cell lysates for Western blots of ADAM17 should be prepared in the presence of a metalloprotease inhibitor such as TAPI-1 and 10 mM 1,10 phenanthroline to block the autodegradation of the mature form, which occurs rapidly following cell lysis in the absence of these inhibitors, and can thus affect the interpretation of the levels of mature ADAM17. It is also important to point out that increased expression of ADAM17 does not necessarily result in increased activity, since this is a post-translationally regulated metalloproteinase (see, for example, PMID:23342154). Nevertheless, the overall interpretation that both ADAMs contribute to shedding of the BMPR2 under the conditions used in this study is well supported by the results. (Fig. 1h, Supplementary Fig. 5c ). Figure 5D presumably needs to be revised so that siADAM17 and D1(A12) are shown next to ADAM17. Supplementary Fig. 5d . We apologise for this oversight and have corrected the figure.
Response 1: We are thankful for the reviewer's insightful comments regarding the autodegradation of ADAM10 and ADAM17 and the requirement for the addition of inhibitors to block this. The study detailing this autodegradation (Schlöndorff J, Becherer JD, Blobel CP. 2000. Intracellular maturation and localization of the tumour necrosis factor alpha convertase (TACE
Comment 2: Supplementary
Response 2: The reviewer is correct in their observation that siADAM17 and D1(A12) should be shown next to ADAM17 in
Comment 3:
Regarding the interpretation of data related to Notch signaling, it is important to point out that increased Notch expression does not necessarily lead to increased Notch signaling. Notch signaling is regulated through binding of a membrane-anchored ligand such as Jagged1 or 2, or Dll1, 3 or 4, on a signal-sending cell to a Notch receptor on a signal-receiving cell. The resulting endocytosis of Notch and its ligand is thought to pull open the membrane-proximal negative regulatory domain, allowing access of ADAM10 to the Notch cleavage site. So increased expression of Notch or of ADAM10 will not lead to increased signaling in the absence of this ligand-induced activation of Notch. The two references implicating ADAM17 in Notch signaling are not representative of the majority of papers in this field, in which targeted deletion of ADAM10 in mice typically results in Notch-dependent defects, whereas targeted deletion of ADAM17 does not. Moreover, the Western blots of Notch2 and Notch3 do not show the Notch intracellular domain, but instead show the typical S1-cleaved Notch fragments of around 100 -120 kD (please include molecular weight markers on all gels). This fragment is constitutively generated by cleavage through furin (or related pro-protein convertases), and is not indicative of signaling (PMID:19379690 provides one of several excellent reviews on this topic). The S2 fragment, generated by ADAM10 under physiological conditions, and the S3 fragment, generated by gamma-secretase, are indicative of ligand-induced Notch processing and signaling, but these are most likely not shown on the various Notch blots presented here. So the authors must make it very clear that these blots only allow conclusions to be drawn about Notch expression levels, not about Notch signaling (the same is true for histochemical data). Fig. 4a, Fig. 4b, Supplementary Fig. 11c , Supplementary  Fig. 13g, Supplementary Fig. 14f and the newly added Supplementary Fig. 11a, 14d and 
Response 3: The reviewer is correct in their statement that we are most likely detecting the S1 cleaved products of NOTCH1, NOTCH2 and NOTCH 3 and we have stated this on page 9 and the figure legends for the figures listed below. We have added the positions of the closest protein standard to the NOTCH bands in PASMCs in
Comment 4:
Response 4: We have gone through the original description of our findings and made sure that we give due consideration to these points. We have specified that we are examining the NOTCH cleaved/transmembrane intracellular (NTM) regions in the results section (page 9) and have only referred specifically to NOTCH signalling in the context of the HEY/HES transcriptional responses and the impact of HEY1 and HEY2 siRNAs on PASMC proliferation. In particular we now include consideration in the Discussion (pages15/16) that the Notch signalling needs to be considered in the cellular context.
Reviewer #3 (expert in PAH and BMP receptors).
Remarks to the Author: General Comments:
Comment 1: The authors have extensively studied the interaction between BMP and Notch signaling that is dysregulated in response to a specific inflammatory stimulus, TNF-alpha. The cell biology studies have been carefully carried out and the main conclusions indicated in the summary are certainly substantiated and are novel. There are however, other studies in the literature that clearly indicate important points of interaction between the BMPR2 pathway and inflammation not cited, including TNF alpha beginning with Song et al (Circulation, 2005:112; 552-62) (Cell Metab 2015: 21; 598-608) and many others. Also there are papers on Notch and BMP crosstalk in blood vessels (Rostama et al, ATVB 2015: 35; 2626-37) . The authors also do not reconcile their results with their recent studies related to rescue of PAH by the ligand BMP9, in fact surprisingly, work with BMP9 as a ligand seems to be completely excluded. The SUGEN/hypoxia model treated with the TNF soluble receptor reverses or retards progression of the pressure and right ventricular hypertrophy in concert with elevating Notch signaling but the impact on remodeling is less severe and the role of TNF alpha (despite its elevation) vis a vis other cytokines is not clear. 
Specific Comments:
Introduction:
Comment 2: Page 3 last paragraph, see above comments. The impact of TNFalpha and loss of BMPR2 was studied in Sawada et al cited above, although the paper did not show that TNF specifically reduces BMPR2 levels in endothelial cells.
Response 2: The reviewer is correct that the impact of TNFα in the setting of reduced BMPR2 levels has been studied in the manuscript by Sawada et al, 2014. Indeed it is interesting that these authors identified other mechanisms by which TNFα exerts exaggerated effects when BMPR2 levels are reduced (in that manuscript via increased GM-CSF). We have now cited this manuscript in the revised Discussion (pages 15/16 and reference 53).
Comment 3: Page 5 first paragraph: The mechanism by which TNF reduces BMPR2 in endothelial cells is never addressed. Supplementary  Figure 1e . We have shown that the TNFα-dependent repression of BMPR-II is mediated by p65(RelA) and refer to this on page 4.
Response 3: We have now included new experimental data relating to PAECs in
Comment 4: Page 6, second paragraph. It is hard to visualize why two disintegrins are necessary to cleave the same site. This needs further explanation.
Response 4: Our knockdown results clearly show that each of these ADAMs can compensate for the loss of the other. Thus only dual knockdown or inhibition inhibits TNFα-mediated cleavage of BMPR-II but we are unsure of the reason for the redundancy. It is possible that ADAM10 and ADAM17 may be required to be incorporated into a complex that is necessary for BMPR-II cleavage, to ensure that this event can only take place in cells where both enzymes are expressed. This has now been clarified in the first paragraph of the discussion (page 13).
Comment 5: Page 6, third paragraph. In view of the authors' recent work showing a protective effect of BMP9, it would be interesting to determine whether BMP9 signaling is compromised by TNF alpha. (Also true for data presented on Page 7). Figure 4 should definitely be quantified because it appears that Notch 3 mRNA is higher in the PAH vs. control PA SMC. It is hard to make much of differences in immunoblots and immunohistochemistry because they rely on the affinity of the relative antibodies. The authors should be sure that the siRNAs they use are specific, ie. Do Notch 3 and Notch 2 reduce with Notch 2 siRNA? Does Notch 3 but not Notch 2 decrease with siRNA for Notch 3. Those data should be included. Finally it does appear from the mRNA data in the supplement that the effect of Smad6 induced by TNFα is different, increasing Notch 2 and reducing Notch 3. Thus the TNFα effect may be selective to Notch 3 particularly in the setting of loss of BMPR2. In the mice, knockout of Notch 3 is protective, so there is more to try to reconcile either in the text or in the discussion. It should also be noted that the PASMC come from familial PAH with a BMPR2 mutation so here again the populations are different. Supplementary Fig. 13g . Li et al. manuscript, as Supplementary Fig. 11a and 11b , respectively. We have also added these data into the Results section on page 9. We did not observe any significant differences between the protein levels of NOTCH1, NOTCH2 and NOTCH3 in control and HPAH PASMCs. This is consistent with the BMPR2 siRNA data already presented in Supplementary Fig. 14 showing that BMPR2 siRNA does not alter basal expression of NOTCH1, NOTCH2 or NOTCH3. Comment 9: Discussion, Page 13: The discussion with respect to Notch seems to short-change the previous observations, particularly related to the prevention of pulmonary hypertension in the Notch 3 knockout mice. There is no question, however, that the mechanistic studies in this paper are comprehensive and well thought through. 
One of the central observations in the
Reviewer #4 (expert in PAH and BMP receptors).
The manuscript describes an interesting and complex system involving a switch in TGFβ receptor super-family usage in PASMCs from an ALK3 / BMPR-II-driven system to an ACTR-IIA / ALK2 systemdriven primarily by TNFα degradation of BMPR-II and the induction in expression of various genes including BMP6 and ACTR-IIA. In the background of compromised BMPR-II expression / function as might be found in PASMCs from patients with heritable forms of Pulmonary Arterial Hypertension (PAH) and genetic mouse models of PAH, this alteration in receptor usage results in a switch from an anti-proliferative response of these cells to a pro-proliferative response following stimulation with BMP6. To add to the complexity, TNFα-mediated modulation in the expression of components of the NOTCH pathway with induction and repression of NOTCH2 and NOTCH3 respectively, directly contributes to the pro-proliferative effects of PASMCs in a Src-kinase family-dependent manner. Although the mechanism described in the manuscript is novel and provides several new therapeutic options for the treatment of heritable PAH, I do have some questions that need to be addressed and suggestions for improvement of the manuscript outlined below before it should be considered for publication. Supplementary Fig. 1e .
Comment 2:
The authors have used the SP-C/TNF transgenic mouse model to demonstrate that BMPR-II expression in the whole lung of these animals also appears to be under the control of the TNFα pathway. The data presented by the authors seems to imply that the expression of BMPR-II in whole lung homogenates is almost completely suppressed in this model. This finding seems incongruent with the alveolar epithelial cell-restricted expression of TNFα previously described in this model (Miyazaki et al. 1995 J Clin Invest. 1995 96(1):250-9) . Immunohistological analysis of BMPR-II and TNFα expression in the lungs of these animals would provide additional spatial information confirming that loss of BMPR-II expression is co-localised to areas of TNFα expression. (7):790-5), which is in contrast to the data depicted in Figure 2D . Could the authors provide an explanation for the differences observed in this study compared to the previously published report? b) On page 9 of the manuscript the authors state that in Figure 4a and Supplementary Figure 14c 'BMPR2 silencing also promoted the TNFα-dependent reduction of NOTCH3-ICD generation and NOTCH3 transcription'. On inspection of Figure 4a , TNFα does induce a reduction in NOTCH3 ICD levels; however, BMPR2 siRNA does not enhance the effect of TNFα on NOTCH3 ICD levels compared to the siCP or DH1 control. Similarly, in Supplementary Figure 14c , TNFα does reduce the transcription of NOTCH3 mRNA; however, this effect is not enhanced by BMPR2 siRNA compared to the siCP or DH1 controls.
Response 6b: The reviewer is correct that the reduction of Notch3 after siBMPR2 knockdown was observed in the co-treatment of TNFα and BMP6 we have adjusted the manuscript to reflect this Page 10).
c) Also on page 9 of the manuscript the authors state in Figure 4b 'In BMPR2 heterozygous HPAH PASMCs treated with TNFα, siACVR2A reduced NOTCH2-ICD generation and abrogated NOTCH3-ICD'. On inspection of Figure 4b , treatment of HPAH PASMCs with siACVR2A seems to be without effect on TNFα-mediated NOTCH2-ICD generation.
